Background/Objective: Data about the prevalence of malnutrition on hospital admission vary and follow-up data are scarce. We assessed the nutritional status of unselected patients on admission and discharge. Subjects/Methods: A total of 430 consecutively admitted patients were assessed and 168 patients hospitalized X6 days were reassessed on discharge. Assessment was carried out by the Mini Nutritional Assessment (MNA), weight and anthropometric measurements, bioelectrical impedance analysis, biochemical markers and a subjective clinical assessment by the physicians in charge.
Introduction
The problem of malnutrition in hospitalized patients has been recognized a long time ago (Bistrian et al., 1976) and the impact of malnutrition on the course of disease is considered as an important clinical problem (McWhirter and Pennington, 1994; Edington et al., 2000) . For some welldefined conditions, for example, perioperative situation (Beattie et al., 2000; Braga et al., 2002) and critically ill patients (Giner et al., 1996; Jolliet et al., 1999) , the benefit of intensive nutritional therapy has been demonstrated. On the other hand, no clear effect was demonstrated in oncological patients (Koretz et al., 2007) . Epidemiological data describing the nutritional status of unselected patients in hospitals are scarce. The lack of data is a consequence of the complexity of the issue: terms describing the nutritional status are not standardized, neither are nutritional assessment methods and therapies. The disparity of environment, patients and methods makes the comparison of study results difficult.
There are no reliable indicators to assess short-term changes in the nutritional status. In this study, we determined the nutritional status of patients on admission to internal medicine using different assessment tools. In addition, the nutritional status was assessed by subjective clinical judgment of physicians, who were not especially trained for this task.
Methods
During a 10-week period (January -March) data were collected from consecutive admissions to the Department of Medicine of the Kantonsspital Graubünden, Switzerland, a medium-sized general teaching hospital. The study was approved by the local ethics committee. Written informed consent was obtained. Patients admitted directly to the intensive care unit were excluded.
On admission, a routine blood sample was taken and tested for leukocyte count, hemoglobin (Sysmex K 1000, Toa Medical Electronics Co., Ltd, Kobe, Japan), urea nitrogen, creatinine, total protein, albumin, C-reactive protein (CRP), total cholesterol and triglycerides (Cobas Integra 700, F Hoffmann-La Roche Ltd, Diagnostics Division, Basel, Switzerland). A serum sample was immediately centrifuged and deep frozen at À70 1C in different aliquots for later measurement of prealbumin (Cobas Integra 700).
The physician who admitted the patient had to define the patient's nutritional status, choosing one of three categories: overnourished, normal or malnourished. This judgment was based on the patient history, physical examination and laboratory results mentioned above. On the same flow sheet, the physician had to indicate the need for one of the following nutritional strategies to be followed during the hospital stay: (1) nutritional counseling by a dietician, (2) caloric restriction, (3) nutritional supplementation, (4) enteral feeding through a nasogastric tube, (5) percutaneous endoscopic gastrostomy, (6) parenteral nutrition or (7) no nutritional intervention.
Within 24 h after admission the Mini Nutritional Assessment (MNA) was carried out (Guigoz and Vellas, 1999) . The first part of the MNA (http://www.mna-elderly.com/practice/ forms/MNA_english.pdf) includes 6 questions related to appetite, unintentional weight loss during the past 3 months, mobility, acute illness or other stress, psychological situation and the body mass index (BMI); the second part includes 12 questions addressing housing conditions, medication, pressure sores, nutritional habits, self-assessment of nutritional status and measurements of circumferences of arm and calf. A score X24-30 indicates an adequate nutritional status, 17-23.5 a risk of malnutrition and o17 frank malnutrition, respectively. The interview for the MNA was carried out by the resident responsible for the ward.
Anthropometric measurements: the height was recorded from the case notes or by interviewing the patient. In a subgroup of patients (n ¼ 59) we found a significant correlation between the reported and measured height (r ¼ 0.96, Po0.001) suggesting good reliance on recorded height. The body weight was measured under fasting conditions in the morning after admission. Body composition was assessed by bioelectrical impedance analysis (BIA: Tanita body composition analyzer TBF-410MA, WBW Handels AG, Bachenbülach, Switzerland). Triceps skinfold thickness (TST) of the right arm in patients aged less than 65 years (Bishop et al., 1981) and the left arm in those aged X65 years (Burr and Phillips, 1984) were measured. In addition, the four skinfold measurement (Durnin and Womersley, 1974) was done. Waist and hip circumferences were measured and the waistto-hip ratio was calculated.
All patients being hospitalized for 6 days or longer were reassessed on the day of discharge using the same tests as on admission. A weight change of p0.1 kg was considered as stable weight. The physician in charge filled out a questionnaire for each patient to assess the number of days without food intake, including fasting for investigations or procedures. Furthermore, reasons for weight changes such as thoracocentesis or paracentesis with fluid extraction of X500 ml, low-caloric diet, new or intensified diuretic therapy or rehydration, chemotherapy, transfusions, enteral or parenteral nutrition and palliative care without nutrition for ethical reasons were recorded. The case notes were reviewed after the discharge of the patient.
Statistical analysis was done with SPSS program (SPSS Schweiz AG, Zurich, Switzerland). The three MNA groups were screened for significant differences with the KruskalWallis test. A Mann-Whitney test was used for postanalysis (to test significant differences between two MNA groups). Correlations were analyzed with a Spearman's test. Po0.05 was regarded as statistically significant. The ordinal relationship between clinical judgment and the MNA was calculated by g coefficient.
Results
Of 432 consecutive patients admitted to the hospital 430 gave their written informed consent and were included in the study. Their mean age was 63±19 years (median 67, range 17-94), 206 (47.9%) were women. The main disease categories at discharge or death are summarized in Table 1 . During hospitalization 19 (4.4%) patients died, 211 (49.1%) stayed in hospital for at least 6 days and were included in the follow-up part of the study. The mobility of these patients is shown in Table 2 .
Data on admission
The admitting physician categorized 131 (31%) patients as overnourished, 236 (55%) as normal and 60 (14%) as Nutritional status in internal medicine RM Venzin et al malnourished. The corresponding distribution of the MNA scores is shown in Figure 1 . The agreement between the subjective clinical judgment and the MNA score was significant (g coefficient ¼ 0.73, Po0.001). Of the 420 patients tested with the MNA, 17 were clinically judged as normal and 1 as overnourished, whereas the MNA classified them as malnourished. The nutritional intention of the physician on admission was nutritional counseling for 25 and caloric restriction in 27 overnourished patients. Of the malnourished patients 8 had nutritional counseling, 14 nutritional supplements and 2 parenteral nutrition, respectively; for the remaining 36 patients nutritional support was either deemed inappropriate in case of terminal illness, or was inadvertently omitted.
The body weight was measurable in 388 of the 430 patients. Their calculated BMI was categorized according to the WHO criteria (World Health Organization, 1998) as follows: BMIo18.5, 30 (7.7%); BMI 18.5-24.9, 174 (44.9%); BMI 25.0-29.9, 125 (32.2%); BMI430.0, 59 (15.2%). Of the 30 (7.7%) underweight patients, 9 had malignant disease, 5 severe cardiac or pulmonary cachexia, 2 newly diagnosed hyperthyroidism, 6 gastrointestinal disorders and 8 had no obvious cause.
Anthropometrical data and length of hospital stay are summarized in Table 3 : 44 (10.4%) patients were categorized as being malnourished, 85 (20.1%) to be at risk of malnutrition and the majority (n ¼ 294, 69.5%) were adequately nourished. Of the 44 malnourished patients, 21 suffered from malignant disease, 3 from cardiac or pulmonary cachexia, 7 from gastrointestinal disorders and 13 had no obvious cause.
Underweight patients (15 of 30, based on BMI) were malnourished according to the MNA. All anthropometrical parameters, except waist-to-hip ratio, showed significant differences for malnourished patients and for those at risk for malnutrition compared to adequately nourished patients. There were positive correlations of rX0.84, Po0.001 between the TST, the four skinfold thickness and the fat mass (FM) assessed by BIA. The FM calculated according to Durnin and Womersley (1974) correlated with the FM by BIA (r ¼ 0.84, Po0.001). A TST below the fifth percentile was found in 30 (7.4%) patients.
The length of stay (LOS) for each MNA category is given in Table 3 . The LOS was associated with the MNA score on admission (r ¼ À0.22, Po0.001). Nineteen patients died during hospitalization; two immediately after admission. Of the remaining 17 patients, 6 (35%) were adequately nourished, 4 (24%) at risk for malnutrition and 7 (37%) malnourished. Compared to adequately nourished patients, malnourished individuals had a higher death rate (Fisher's exact test, Po0.001). Six of the seven malnourished patients died of advanced stage carcinomas (lung, four; breast, one and pancreas, one), one of alcoholic liver cirrhosis. Of the four patients at risk for malnutrition, two had lung cancer and two were old patients (87 and 91 years) with coronary heart disease.
The results of the blood tests are shown in Table 4 . Hypoalbuminemia was found in 10 patients (2.4%) (4 malnourished, 3 at risk and 2 adequately nourished, 1 died on admission). The data were similar for prealbumin: 22 (5.3%) patients had hypoprealbuminemia. Hemoglobin, albumin and prealbumin were decreased and CRP increased in malnourished and patients at risk for malnutrition compared to adequately nourished patients. Total cholesterol was lower in the malnourished group.
Follow-up data (hospital stay X6 days) A total of 211 (49.1%) patients were hospitalized for 6 days or longer. Of these 168 (80%) had their weight change measured at discharge (Table 5) . A total of 96 (57%) patients lost weight (2.3 ± 2.0 kg, range 0.1-10.6) and 65 (39%) gained weight (1.2±1.3 kg, range 0.1-6.4). More than half of the malnourished patients (n ¼ 12) based on the MNA gained weight (1.3 ± 1.3 kg, range 0.1-4.9) and 8 lost weight (2.3±1.8 kg, range 0.5-6.2). As shown in Figure 2 , weight change correlated with the total body water change. Inverse relationships were found between weight change and change , the mean weight change À2.3 ± 0.7 kg and the BMI at discharge 22.1 ± 2.0 kg m
À2
. The patients suffered from end-stage malignant disease and had palliative care without nutrition for ethical reasons (four), chronic obstructive pulmonary disease (COPD, one), acute bronchitis (one), Down's syndrome (one) and pleural empyema (one). Of the seventeen patients being at risk for malnutrition and weight loss during hospitalization three had new or intensified diuretic therapy, one had therapeutic Kyle et al. (2004) . b Durnin and Womersley (1974) . thoracocentesis, one paracentesis, five malignant disease, two sepsis, one COPD, one cholestatic liver disease, one pulmonary embolism and one stroke. Prealbumin decreased in 95 (52%) and increased in 87 (48%) patients during hospitalization. The change in albumin paralleled the changes in prealbumin (r ¼ 0.41, Po0.001). The change of prealbumin was inversely related to the weight change during hospitalization (r ¼ À0.30, Po0.001) and to the change in total body water (r ¼ À0.27, P ¼ 0.001). The MNA score on admission showed an inverse correlation with the change in prealbumin (r ¼ À0.18, P ¼ 0.01).
Discussion
This prospective study of 430 unselected patients hospitalized in internal medicine showed a 10% prevalence of malnutrition and a 20% prevalence of being at risk of malnutrition on admission using the MNA. Note that the MNA is not designed for the assessment of overweight, but only for insufficient or inadequate nutrition (Guigoz, 2006) . Using a BMI cutoff of o18.5 kg m À2 , 8% of the patients were underweight and according to the clinical judgment of the admitting physician 14% of the patients were malnourished. The prevalence of malnutrition was thus lower than in other studies (McWhirter and Pennington, 1994; Corish et al., 2000; Edington et al., 2000; Kyle et al., 2003) . This difference may be due to different assessment tools and criteria leading to misclassifications (Naber et al., 1997; Corish et al., 2004; Bauer et al., 2005) . On the other hand, a true difference could exist due to differences in the study populations, for example, case mix and socioeconomic status (Elia and Stratton, 2005) . A strength of this study is that we analyzed all patients admitted during a given time period, prospectively. Although the patient population seemed rather young, it is comparable to that of other studies (Edington et al., 2000; Kelly et al., 2000; . Our hospital is located in a small town and serves a touristic mountain area. The socioeconomic status of this population may be regarded as representative for Switzerland.
If we consider the MNA as the most appropriate tool, the prevalence of malnutrition was underestimated in less than 5% by clinical judgment. Physicians had not been trained for this task, but may have become sensitized for nutrition by this study, leading to such a good result. Nevertheless, our data suggest that clinical judgment may be sufficient in most cases and that special assessment tools are only necessary in borderline cases.
The question arises as to whether the use of the MNA was appropriate. It has been developed for assessing the risk of malnutrition in elderly patients and has been validated for individuals above 50 years old (Bauer et al., 2005; Guigoz, 2006; Vellas et al., 2006) . In our study population of patients in internal medicine we had to expect an advanced age on average, which was confirmed with the median age of 67 years. The MNA is easy to use for physicians without specific nutritional training and was the most appropriate way to assess consecutive hospital admissions. It is conceivable that other tests such as the 'subjective global assessment' (Detsky et al., 1987) or the search for patients 'at risk' for malnutrition by the Nutritional Risk Screening (NRS 2002; Kondrup et al., 2003b) would have yielded slightly different results.
Malnourished patients had significantly lower fat-free mass (FFM), FM, waist circumference, TST and four skinfold thickness than those adequately nourished. It may be worthwhile to assess body composition, because it can help to identify patients with low FFM (for example, patients with sarcopenia) and low FM indicating malnutrition (Kyle et al., 2001 (Kyle et al., , 2003 . The measurement of the waist circumference, a good parameter for abdominal obesity, was useless in the assessment of malnutrition.
No blood test allowed to categorize patients in malnourished vs adequately nourished, although hemoglobin, albumin, prealbumin and cholesterol were lower in malnourished patients. Prealbumin paralleled albumin in our study and had no advantage, since it is influenced by the same confounding factors. CRP on admission was significantly increased in malnourished patients, suggesting that malnutrition is disease related, rather than resulting from poor diet or self-neglect. Prealbumin and albumin changes during hospitalization showed a negative correlation with weight change during hospitalization as well as with the MNA score on admission. Because of the correlation between the change of total body water and weight change, we assume that change in prealbumin is rather a consequence of water balance than of nutritional status. The mean LOS for all patients was 8.2 days, for malnourished patients it was 10.6 days. This association between nutrition status and LOS is in agreement with other studies (Gallagher-Allred et al., 1996; Kyle et al., 2004c) . This is not necessarily a causal relationship, but may simply reflect the severity of the underlying disease. The same holds true for the increased death rate in malnourished patients, which may reflect the preponderance of terminally ill cancer patients in this group, in whom malnourishment was secondary to a severe disease and not a primary cause of death. Therefore, malnutrition in hospitals cannot be regarded as an isolated problem that is treatable, but has to be seen as part of polymorbidity.
Almost half of all patients were overweight (32%) or obese (15%) according to the WHO classification, which is in agreement with the prevalence in the Swiss population (Suter and Schutz, 2005) . Physicians judged 31% of the patients as 'overnourished'. Our data confirm that overweight, which per se causes increased morbidity, is a more important clinical problem in our society than malnutrition.
Weight change is a useful tool to monitor the course of nutritional status if other reasons for weight change (for example, fluid change) are ruled out. In 57% of the patients hospitalized for X6 days weight loss occurred mostly as a therapeutic goal, such as intensified diuretic therapy. In the small subgroup of 20 malnourished patients on admission hospitalized X6 days only 8 (40%) lost further weight, which could be explained by medical causes or ethical reasons, for example, not to begin artificial nutrition in the setting of terminal illness. Looking at all 430 patients of our study only 8 (1.9%) were malnourished on admission according to the MNA and had a further weight loss during their hospitalization, suggesting no major nutrient deficiency in most patients during the hospital stay. Those showing malnutrition or being at risk for malnutrition were severely ill on admission and most of them improved. Therefore, the magnitude of the problem of malnutrition seems to be less important-at least in our patient population-than propagated.
The strength of this study is the large number of consecutive patients (n ¼ 430) of whom 50% stayed X6 days in the hospital. There is no gold standard for assessing malnutrition among the 440 different nutritional screening tools (Jones, 2002) . A limitation of the study might be that we used only one of the recommended tools by European Society of Parenteral and Enteral Nutrition Guidelines for Nutrition Screening (Kondrup et al., 2003a) , namely, the MNA and not the Malnutrition Universal Screening tool or the NRS 2002, although the MNA seems appropriate for our elderly patients.
In conclusion, we found the prevalence as low as 10% of malnourished patients on admission. Clinical judgment, and to a lesser degree anthropometric measurements, were helpful tools for assessing the nutritional status, whereas laboratory values showed no benefit. To compare prevalence rates of different studies it is mandatory to define malnutrition and the nutritional screening tool used.
